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FORMULATION OF HIGH PERFORMANCE 
TRANSISTORS USING GATE TRIM ETCH 

PROCESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to semiconductor 
processing, and, more particularly, to gate formation in 
metal oxide semiconductor transistors. 

2. Description of the Related Art 
One technique used in semiconductor processing for 

reducing so-called hot-carrier effects in metal oxide semi 
conductor ?eld effect transistors is the formation of lightly 
doped drain (LDD) structures. In traditional LDD structures, 
the source/drain is formed by tWo implantation steps. The 
?rst of these implantations is a light-doping step that is 
self-aligned to the gate electrode. The second step is a 
heavy-doping step that is self-aligned to tWo oxide sideWall 
spacers previously formed adjacent the gate electrode. After 
the ?rst light-dopant implantation step, sideWall spacers are 
formed to protect a portion of the lightly-doped substrate 
adjacent the gate electrode during the subsequent heavy 
doping implantation step. 

Although LDD structures are advantageous for reducing 
hot-carrier effects, traditional methods of forming these type 
of structures results in increased fabrication complexity and 
associated costs. In particular, formation of the traditional 
sideWall spacers requires several processing steps, e.g., 
oxide deposition etching and cleaning, that increase fabri 
cation complexity and the time and costs associated With 
these steps. The present invention is directed to a method of 
solving some or all of the aforementioned problems. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of forming 
metal oxide semiconductor transistors. The method com 
prises formation of an initial gate structure that is Wider than 
the desired ?nal channel length of the ?nished device. A 
heavy-doping implantation of the source and drain regions is 
then performed. Thereafter, the initial gate structure is 
patterned to be substantially similar in Width as the desired 
?nal channel length of the semiconductor device. Lastly, a 
second light-doping of the source and drain regions is then 
performed to create the LDD structure useful for eliminating 
so-called hot-carrier effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be best understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIG. 1 is a cross-sectional vieW of the semiconductor 
device shoWing the initial gate structure and the initial 
heavy-doping source/drain implant; 

FIG. 2 is a cross-sectional vieW of the semiconductor 
device shoWing the gate structure after patterning of the 
masking layers; 

FIG. 3 is a cross-sectional vieW of the semiconductor 
device after the gate electrode has been patterned; and 

FIG. 4 is a cross-sectional vieW of the semiconductor 
device after the second light-doping LDD implant step. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
have been shoWn by Way of example in the draWings and are 
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2 
herein described in detail. It should be understood, hoWever, 
that the description herein of speci?c embodiments is not 
intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Illustrative embodiments of the invention are described 
beloW. In the interest of clarity, not all features of an actual 
implementation are described in this speci?cation. It Will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance With system-related and business 
related constraints, Which Will vary from one implementa 
tion to another. Moreover, it Will be appreciated that such a 
development effort might be complex and time-consuming, 
but Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 
As shoWn in FIG. 1, a semiconductor device 10 is 

comprised of a substrate 12, gate structure 11, and source 
and drain regions 14, 16. The gate structure 11 may be 
comprised of a gate electrode layer 13 and one or more 
masking layers 18 and 20. Although not shoWn, there is a 
thin layer of silicon dioxide, a gate oxide, formed under the 
gate electrode layer 13. In one embodiment, the substrate 12 
is silicon, the gate electrode layer 13 is polysilicon, the 
masking layer 18 is silicon oxynitride (SiOn), and the 
masking layer 20 is a photoresist. In one embodiment, the 
thickness of the polysilicon gate electrode layer may range 
from 1000—3000 A, the thickness of the silicon oxynitride 
layer 18 may range from 50—200 A, and the thickness of the 
photoresist layer 20 may range from 5000—15000 Of 
course, as is readily apparent to those skilled in the art, the 
gate electrode layer 13 may be formed of any suitable 
material, e.g., polysilicon, as may be appropriate for the 
particular device under consideration. Additionally, one or 
more of the masking layers 18 or 20 may be omitted or other 
materials may be substituted, depending upon the particular 
technology and/or application. For example, the photoresist 
layer 20 may be omitted entirely after the initial patterning 
of the masking layer 18. 

Initially, the gate electrode layer 13 and the masking 
layers 18, 20 are deposited and patterned so as to result in 
an initial gate structure that is Wider than the desired ?nal 
channel length of the operating device. The resulting struc 
ture is as shoWn in FIG. 1. Thereafter, a heavy-doping step 
(N+ in the case of NMOS technology), generally indicated 
by arroWs 30, is carried out to partially form the source and 
drain regions 14 and 16 of the ?nished device. Typically, this 
heavy-doping step may be accomplished by ion implanta 
tion. The source and drain regions are self-aligned With the 
initial gate structure and bounded by ?eld oxide areas (not 
shoWn) or silicon trench isolation areas (not shoWn). Thus, 
the initial gate structure may be siZed to precisely de?ne the 
boundary of the heavy-doped portions of the source and 
drain regions 14, 16. 
As shoWn in FIG. 2, the masking layers 18 and 20 are 

patterned to expose a portion of the gate electrode layer 13. 
This patterning may be performed by a variety of 
techniques, depending upon the materials of construction of 
the masking layers 18, 20. In one embodiment, the silicon 
oxynitride layer 18 and photoresist layer 20 are patterned by 
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etching. The etchant used must have a high degree of 
selectivity so as not to etch the underlying polysilicon layer 
13. For example, in one embodiment, the etching is per 
formed by plasma etching using, for example, HBr and Cl as 
the etchant gases. 
As shoWn in FIG. 3, the next step of the process involves 

reducing the Width of the gate structure 11. In particular, the 
process involves patterning, e.g., etching, the gate electrode 
layer 13 so that the Width of the gate electrode layer 13 is 
substantially similar to the ?nal desired channel length of the 
semiconductor device 10. Of course, it is not necessary that 
the Width of the gate electrode layer 13 after the second 
patterning step be equal to the desired ?nal channel length 
of the ?nished device 10. Variations in the Width of the gate 
electrode layer 11 as compared to the desired ?nal channel 
length may be made as necessary to accomplish any design 
objective. The desired channel length of the ?nished device 
10 may vary depending upon the particular technology 
involved. Additionally, as is readily understood by those 
skilled in the art, the exact dimensions of the gate electrode 
layer 13 and the actual channel length of the device, as 
fabricated, Will vary due to changes caused by the various 
manufacturing processes. 

Thereafter, as shoWn in FIG. 4, a second, light-doping 
implantation step, generally indicated by arroWs 32, is 
performed on the source and drain regions 14, 16 to form an 
LDD structure 25 effective in reducing hot-carrier effects. 
The LDD structure 25 is self-aligned to the gate electrode 
13. In one embodiment, this light-doping step may be 
accomplished by ion implantation. 

The present invention is a neW and improved method for 
formation of metal oxide semiconductor transistors. As Will 
be readily apparent to those of ordinary skill in the art, the 
technique disclosed herein for the formation of semiconduc 
tor structures is readily applicable to a variety of semicon 
ductor processing technologies, including NMOS, PMOS, 
and CMOS. Through use of the present technique to form 
LDD structures, the steps associated With formation of oxide 
spacers adjacent the gate electrode 13 are omitted. In this 
manner, processing complexity and costs are reduced. 

The particular embodiments disclosed above are illustra 
tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. 
Furthermore, no limitations are intended to the details of 
construction or design herein shoWn, other than as described 
in the claims beloW. It is therefore evident that the particular 
embodiments disclosed above may be altered or modi?ed 
and all such variations are considered Within the scope and 
spirit of the invention. Accordingly, the protection sought 
herein is as set forth in the claims beloW. 
What is claimed: 
1. A method for forming a semiconductor device having 

source and drain regions and a desired ?nal channel length, 
comprising: 

forming a gate structure having a ?rst Width comprising 
the steps of: 
forming a gate electrode layer, said gate electrode layer 

a top surface; 
forming at least one masking layer above the top 

surface of said gate electrode layer; 
performing a heavy-doping of the source and drain 

regions of the device; 
reducing the gate structure to a second Width; and 
performing a light-doping of the source and drain regions 

of the device. 
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2. The method as set forth in claim 1, Wherein reducing 

the gate structure to a second Width comprises reducing the 
gate structure to a second Width that is substantially similar 
to the desired ?nal channel length of the device. 

3. The method as set forth in claim 1, Wherein reducing 
the gate structure to a second Width comprises reducing the 
gate structure to a second Width that is approximately equal 
to the desired ?nal channel length of the device. 

4. The method of claim 1, Wherein reducing the gate 
structure to a second Width comprises: 

patterning said at least one masking layer to a second 
Width that is substantially similar to the desired ?nal 
channel length of the device; and 

etching said gate electrode layer to a second Width that is 
substantially similar to the desired ?nal channel length 
of the device. 

5. The method as set forth in claim 1, Wherein forming 
said gate electrode layer comprises depositing a layer of 
polysilicon. 

6. The method as set forth in claim 1, Wherein forming 
said at least one masking layer comprises depositing at least 
one layer of silicon oxynitride. 

7. The method as set forth in claim 1, Wherein forming a 
gate electrode layer and at least one masking layer and 
patterning said gate electrode layer and said at least one 
masking layer to a Width that is greater than the desired ?nal 
channel length of the device comprises: 

depositing a layer of polysilicon; 
depositing a layer of silicon oxynitride on said layer of 

polysilicon; and 
etching said polysilicon and silicon oxynitride layers to a 

Width that is greater than the desired ?nal channel 
length of the device. 

8. The method of claim 7, Wherein reducing the gate 
structure to a second Width comprises: 

patterning said layer of silicon oxynitride to a second 
Width that is substantially similar to the desired ?nal 
channel length of the device; and 

etching said polysilicon layer to a second Width that is 
substantially similar to the desired ?nal channel length 
of the device. 

9. The method as set forth in claim 1, Wherein patterning 
said gate electrode layer comprises etching said gate elec 
trode layer. 

10. The method as set forth in claim 1, Wherein patterning 
said gate electrode layer comprises performing photolitho 
graphic patterning. 

11. The method as set forth in claim 1, Wherein reducing 
the gate structure to a second Width comprises etching said 
gate structure. 

12. The method as set forth in claim 1, Wherein reducing 
the gate structure to a second Width comprises at least tWo 
etching steps. 

13. The method as set forth in claim 1, Wherein reducing 
the gate structure to a second Width comprises performing 
photolithographic patterning. 

14. A method for forming a semiconductor device having 
semiconductor regions and a desired ?nal channel length, 
comprising: 

depositing a gate electrode layer, said gate electrode layer 
having a top surface; 

forming at least one masking layer above said top surface 
of said gate electrode layer; 

patterning said gate electrode layer and said at least one 
masking layer to a ?rst Width that is greater than the 
desired ?nal channel length of the device; 



6,110,785 
5 

performing a heavy doping of the source and drain 
regions of the drive; 

reducing said gate electrode layer and said at least one 
masking layer to a second Width that is substantially 
similar to the desired ?nal channel length of the device; 
and 

performing a light-doping of the source and drain regions 
of the device. 

15. The method of claim 14, Wherein depositing a gate 
electrode layer and forming at least one masking layer 
comprises depositing a layer of polysilicon and depositing a 
layer of silicon oXynitride on said layer of polysilicon. 

16. The method of claim 14, Wherein reducing said gate 
electrode layer and said at least one masking layer comprises 
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patterning said at least one masking layer to said second 
Width and etching said gate electrode layer to said second 
Width. 

17. The method of claim 14, further comprising reducing 
said gate electrode layer and said at least one masking layer 
to a second Width that is approximately equal to the desired 
?nal channel length of the device. 

18. The method as set forth in claim 14, Wherein pattern 
ing said gate electrode layer and said at least one masking 
layer is comprised of performing photolithographic pattern 
mg. 

19. The method as set forth in claim 14, Wherein reducing 
said gate electrode layer and said at least one masking layer 
comprises performing at least tWo etching steps. 

* * * * * 


